Objective: Myocardial fractional flow reserve (FFR) is utilized to determine the hemodynamic significance of coronary stenoses. We sought to determine the effect, if any, of metoprolol on FFR in patients with coronary stenoses of intermediate severity.
with regard to revascularization of especially intermediate coronary stenoses so that intermediate lesions with an FFR above 0.75 are safely left unrevascularized with a favorable long-term prognosis. [3] [4] [5] Most patients with coronary artery disease and intermediate coronary stenoses use a variety of cardiac medications that most of the time include betablockers, a group of drugs which have been shown to influence coronary flow reserve, another index of coronary lesion severity. 6) Myocardial FFR has previously been shown to be independent of hemodynamic changes including heart rate, blood pressure, and contractility, 7) but no study has specifically evaluated the effect of beta-blockers on FFR. Accordingly, the aim of this study was to examine the effect of the beta-blocker metoprolol on FFR measurements in patients with coronary stenoses of intermediate severity.
METHODS
Patients with coronary artery disease who were scheduled for FFR evaluation of intermediate coronary stenoses (30% to 70% luminal narrowing, as assessed by quantitative coronary angiography) were studied. To be eligible for the study, the patients had to have an isolated intermediate coronary stenosis in a proximal coronary artery segment and no myocardial infarction in the territory supplied by that artery. Consecutive lesions along the same coronary artery were excluded. Patients with contraindications to beta-blockers were also excluded. Written informed consent was obtained before FFR measurement in all patients.
In patients using beta-blockers, the drug was stopped gradually for at least 3 half-lives before the FFR measurement. The patients were taken to the catheterization laboratory in the fasting state. After systemic anticoagulation by 10,000 units of intravenous heparin, the coronary artery was catheterized by a guiding catheter with no side holes. The intermediate stenosis was crossed with a specially designed 0.014 inch coronary guide wire (Pressurewire, Radi Medical Systems, Uppsala, Sweden) having a pressure sensor on its distal part so that the sensor lied distal to the stenosis in question. The mean pressure recorded through the guiding catheter represented Pa and the mean pressure recorded through the pressure wire represented Pd. FFR was defined as Pd/Pa during coronary hyperemia which was achieved by intracoronary bolus injection of adenosine, 50 µg for the left and 40 µg for the right coronary artery. After the initial FFR measurement, 5 mg metoprolol was given intravenously. In case this first 5 mg dose did not achieve at least a 10% decrease in the heart rate, additional 2.5 mg doses were given until such a decrease in rate was recorded and then the second FFR measurement was performed exactly in the same manner as the first one. Statistical analysis: Data are given as the mean ± standard deviation for continu-Vol 48 No 4 ous variables and as absolute numbers for categorical variables. Analysis was performed using a commercially available software (SPSS 10.0 for Windows). Preliminary data analysis with the Kolmogorov-Smirnov test showed no significant deviation from normality. The paired Student's t test was therefore used to assess differences between repeated measurements. A 2-sided P value below 0.05 was considered statistically significant.
RESULTS
The baseline characteristics of the study population are given in Table I . The patient population was a low-risk one with preserved ejection fraction. The lesion Since the intermediate lesion was located on the LAD in all cases, a 50 µg dose of adenosine was utilized in all FFR measurements. The heart rate was 84.3 ± 9.9 beats per minute (bpm) during the initial FFR measurement. After intracoronary adenosine injection, no significant change was observed in either the heart rate or Pa, but Pd was significantly decreased by 9% from 96.3 ± 12.7 to 87.4 ± 13.4 mmHg, yielding an initial FFR (FFR 1 ) of 0.83 ± 0.07 (Table II) . The mean metoprolol dose needed to achieve at least a 10% decrease in the heart rate was 5.42 ± 1.28 mg. The heart rate dropped significantly from 84.3 ± 9.9 bpm to 71.1 ± 6.9 bpm after metoprolol injection but no significant change was observed in either Pa or Pd as compared to the premetoprolol phase (Table  III) . After 3 to 5 minutes of rate stabilization postmetoprolol, the second intracoronary adenosine injection was performed and FFR 2 was measured. At this second measurement, adenosine again led to a significant 11% decrease in Pd with no significant change in heart rate and a nonsignificant 2% decrease in Pa, yielding a mean FFR 2 of 0.83 ± 0.08 (Table IV) , which was almost identical to FFR 1 (P > 0.05, for comparison of FFR 1 versus FFR 2 ).
When we compared adenosine induced Pa and Pd values before and after metoprolol injection, Pa was significantly lower at the postmetoprolol measurement as compared to the premetoprolol one. On the other hand, no significant difference in the respective Pd values was detected (Table V) .
DISCUSSION
Myocardial FFR is a widely used hemodynamic index of coronary lesion severity. It is expressed as the ratio of pressure distal and proximal to a coronary stenosis during maximal coronary hyperemia. With a normal value of 1.0, an FFR below 0.75 is highly sensitive and specific to determine coronary lesions of hemodynamic significance. 1, 2) The main finding of this study is that FFR measurement in patients with CAD and preserved ejection fraction and intermediate coronary stenoses is not influenced by metoprolol treatment. To the best of our knowledge, this issue has not been specifically questioned in the literature. Metoprolol, a beta-1 selective beta-blocker, has negative inotropic and chronotropic effects. We utilized intravenous metoprolol in our study and observed a significant negative chronotropic effect at a dose of 5.42 ± 1.28 mg. Although the heart rate was significantly lowered after metoprolol, no significant change was observed in either Pa or Pd. Under basal conditions, adenosine induced no change in Pa and a mean 9% decrease in Pd. On the other hand, under the influence of metoprolol, adenosine led to an 11% decrease in Pd and a 2% decrease in Pa. Therefore, FFR, which is expressed as the ratio of Pd/Pa, remained essentially the same after metoprolol. The significantly lower adenosine induced Pa (Table V) and the nonsignificantly greater adenosine induced decrease (11% versus 9%) in Pd at the postmetoprolol measurement would be best explained by a decrease in coronary vascular resistance by metoprolol under conditions of maximal hyperemia as shown by Billinger, et al. 6) The independence of myocardial FFR from changes in heart rate, contractility, and blood pressure has previously been shown. 7) In their study, 13 stenoses were studied at different hemodynamic loading states. Atrial pacing, nitroprusside, and dobutamine were utilized to induce changes in heart rate, blood pressure, and contractility, respectively. Myocardial FFR was almost exactly the same at various hemodynamic loading conditions. The results of this study are in accordance with our findings, because we have shown that myocardial FFR measurement is not influenced by metoprolol, which has negative chronotropic and inotropic effects.
Myocardial FFR measurement is of utmost importance in the evaluation of angiographically intermediate coronary stenoses. Lesions of this sort with no hemodynamic significance, as defined by an FFR above 0.75, are best left unrevascularized with a favorable long-term prognosis. [3] [4] [5] Another index utilized to evaluate the hemodynamic significance of coronary stenoses is the coronary flow reserve (CFR) which is described as the ratio of coronary blood flow during maximal hyperemia to resting coronary blood flow. Either positron emission tomography (PET) or intracoronary Doppler techniques can be used to measure CFR. Intracoronary adenosine or an ischemic stimulus may be utilized to induce maximal coronary flow during CFR measurements. Metoprolol has been reported to increase CFR measured by PET in normal subjects. 8) A metoprolol-induced increase in maximal coronary flow accompanied by a decrease in resting flow have been observed to be responsible for the metoprolol-induced increase in CFR in normal subjects as measured by PET. 8) Contradictory to this, in patients with CAD scheduled for coronary revascularization, metoprolol has been shown to decrease both resting and dipyridamole-induced maximal coronary flow as measured by PET. 9) In another study evaluating the effect of metoprolol on CFR measured by intracoronary Doppler utilizing both adenosine and an ischemic stimulus for the induction of maximal hyperemia, metoprolol has been shown to increase CFR. 6) The effect of metoprolol in increasing CFR in this study has been attributed to its effect on coronary vascular resistance during maximal coronary hyperemia so that metoprolol had no effect on resting coronary flow but it increased coronary flow by decreasing coronary vascular resistance solely during hyperemia. 6) Although there is an obvious discrepancy between findings regarding the effects of metoprolol on CFR measurements, myocardial FFR has been shown, in our study, to be independent of beta-blocker effects. Therefore, in patients with intermediate coronary stenoses and a preserved ejection fraction using betablockers, FFR should be the preferred method of evaluating stenosis severity. With the available data, we would not consider discontinuation of beta-blocker therapy before FFR measurement.
